To develop explicit and transparent recommendations on controversial asthma management issues in children and to illustrate the usefulness of the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach in rating the quality of evidence and strength of recommendations.
Evidence-based guidelines for the management of pediatric asthma provide comprehensive and up-to-date overviews on asthma management in children. Although they may serve as a basis to develop local recommendations and to guide individual patient care, controversy remains because different guidelines contain different recommendations, using the same body of evidence. [1] [2] [3] For example, if school-age children with asthma remain symptomatic despite treatment with inhaled corticosteroids (ICS), some guidelines specifically recommend adding a long-acting b-agonist (LABA), 1,2 whereas others propose doubling the ICS dose or adding a leukotriene receptor antagonist (LTRA). 3 The justification for these differing choices often remains unclear, although all guidelines provide levels of evidence to support each recommendation.
The systems usually applied to rate levels of evidence and strength of recommendations are limited by their lack of transparency about judgments, values and preferences, and lack of separation between quality of evidence and strength of recommendations. [4] [5] [6] Grading of Recommendations Assessment, Development and Evaluation (GRADE) was launched as a highly structured and more transparent methodology to rate the quality of evidence and strength of recommendations in clinical practice guidelines. 7 GRADE specifies how to frame structured clinical questions, choose outcomes of interest and rate their importance, evaluate the evidence, and incorporate other important values (such as safety and resources) and preferences to arrive at recommendations (Fig 1) . Today, .50 influential professional organizations, including the Cochrane Collaboration and the American Thoracic Society (ATS), have adopted the GRADE system. 8 In 2007, the Dutch Pediatric Respiratory Society, including all board-certified pediatric pulmonologists in the Netherlands, updated its national guideline on pediatric asthma management. 9 Because a number of recommendations remained controversial, the group decided to examine these controversial issues using the GRADE methodology. In this article, we describe how the GRADE process helped us to summarize the evidence, weigh preferences and values, and arrive at final recommendations for these controversial asthma management issues that differ from other guidelines based on the same evidence.
METHODS

Controversial Recommendations
There was controversy regarding 3 recommendations in the 2007 revision of the Dutch national asthma guideline (Table 1) .
Framing Relevant Questions and Deciding on Important Outcomes
A working group consisting of 4 pediatric pulmonologists and a pediatrician epidemiologist experienced in evidence-based guideline development framed these controversial recommendations into structured clinical questions using the PICO acronym (Patient/Intervention/ Comparison/Outcome; Table 2 ). Outcomes were categorized according to GRADE as "critical" (outcomes 1 and 2), "important" (3 and 4), or "of limited importance" (5-7) as a basis for making decisions regarding the overall quality of evidence supporting a recommendation (Table 3) .
Identifying and Rating Evidence Quality
For each question, the Dutch Cochrane Centre performed systematic literature searches in Medline and the Cochrane Central Register of Controlled Trials Database until June 2010. Search filters aimed at retrieving systematic reviews and randomized controlled trials (RCTs) as described in the Cochrane Handbook were used. 10 In the GRADE approach, RCTs start as high-quality evidence, but in contrast to other grading systems, 5 factors may lead to rating down the quality of evidence (Fig 1) . Methodological quality of the studies (risk of bias) was assessed with criteria proposed by the Cochrane Collaboration: failure to conceal allocation, failure to blind, loss to follow-up, and failure to consider the intention-to-treat principle appropriately. For the critical outcomes, a quality rating was given (high, moderate, low, very low). If results per outcome could not be pooled because of heterogeneity, an overall quality assessment of the evidence was given.
Formulating and Grading Guideline Recommendations
GRADE recognizes other key factors besides quality ofevidencedeterminingthe strength of a recommendation: (1) the balance between desirable and undesirable consequences of alternative management options, (2) values and preferences of patients and guideline panels, and (3) resource use. Final recommendations were circulated among all members and discussed at a plenary meeting of the Dutch Pediatric Respiratory Society. It was our aim to formulate specific recommendations, including when evidence is insufficient, and we specifically describe these other key factors underlying our choices.
Recommendations can be either weak or strong. 7 Rationale ICS treatment with extra-fine particles aims to treat the entire bronchial tree including the small airways. Extra-fine particles penetrate better into small airways, leading to higher and more homogeneously distributed lung deposition. 12 This might result in asthma control using lower daily doses with fewer side effects. Particle size may be of particular importance in young children because of their smaller airways and different breathing patterns, with higher breathing frequency and relatively small tidal volume. There are 2 ICSs with extra-fine particle size: extra-fine hydrofluoroalkane (HFA) beclomethasone dipropionate (licensed in Europe for children aged $5 years) and ciclesonide (licensed for children aged $12 years). Ciclesonide, a prodrug that is converted in the airways into the active metabolite desisobutyryl-ciclesonide (CIC), is thought to have a reduced potential for local and systemic side effects. Because of its binding to protein and slow release, it is licensed for oncedaily use, which may improve adherence.
Evidence
We did not find any systematic reviews in children specifically addressing this question. However, 7 RCTs were found: 2 using extra-fine HFA beclomethasone and 4 CIC. [13] [14] [15] [16] [17] [18] Because these agents have different pharmacokinetic and pharmacodynamic properties, they are discussed separately.
No clinical studies examined efficacy or safety of extra-fine beclomethasone in All studies on ciclesonide were conducted in children $6 years and older and used a noninferiority design with a surrogate primary endpoint, forced expiratory volume in 1 second (FEV 1 ). 13, 14, 17, 18 There were no significant differences between ciclesonide and other ICS (budesonide or fluticasone) in asthma symptom score and exacerbations, except for 1 study showing significantly more exacerbations in the CIC group (Table 4) . Side effects (such as oropharyngeal candidiasis and hoarseness) occurred with similar frequency in both groups. One study showed a significant improvement in height in the CIC group compared with the BUD group (1.18 cm vs 0.70 cm respectively) after 12 weeks of intervention, but measurements were only performed in a subset of patients. 18 Some studies showed significantly less suppression of 24-hour urinary cortisol levels adjusted for creatinine in the CIC group compared with other ICS, no suppression in the CIC group or even an increase in the CIC group. Adherence was not assessed in the studies.
The quality of evidence for our critical outcomes was rated down by 3 levels (Table 4) . We concluded that there is no evidence that ICS with small particles are more effective or safer than ICS with normal particle size in preschool or school-age children (very low-quality evidence).
Other Key Factors
A relatively high value was placed on the consideration that new medications should either be more effective or safer before they can be recommended for clinical practice. The long-term safety of treatments for asthma has been identified as being of particular importance to patients and clinicians. 19 Because older medications have been used for longer periods of time, more knowledge is available on their long-term safety, and they are usually cheaper than new drugs. Another argument against the use of "me too" preparations with only a slightly different pharmacokinetic or pharmacodynamic profile is that they increase the complexity of treatment; as for inhaled medication, additional and repeated instruction may then again be required to ensure correct inhalation.
The trade-off between benefits and harms of using CIC compared with other ICS is unclear. Ciclesonide has not been proven to be more effective or safer compared with fluticasone and budesonide for relevant outcomes but is noninferior on short-term lung function and asthma symptom score end points. Potentially more severe exacerbations in the CIC group cannot be excluded because of wide confidence intervals. For relevant adverse effects, such as growth and adrenal insufficiency, a follow-up period of 12 weeks is too short; and adequate duration should be at least 6 to 12 months. The clinical significance of lower 24-hour urinary cortisol levels is limited. The measurement is often unreliable and/or invalid and unable to detect partial hypothalamic-pituitaryadrenal axis suppression. 20 Much more relevant is the ability of the adrenal cortex to be able to respond to stressful stimuli. The most appropriate test would then be the more invasive lowdose corticotropin (Synacthen) stimulation test, which is more sensitive in detecting adrenal impairment. [21] [22] [23] One study was published assessing the long-term safety of ciclesonide. 24 This RCT was not included in this review because it compared CIC only with placebo. Mean linear growth velocity and 24-hour urinary cortisol levels were comparable between the groups after 1 year. However, this study could not provide enough reassurance about safety, and considerable concern was expressed about compliance of the children because the study failed to show any benefit of CIC in terms of lung function or asthma control. 25, 26 Although once-daily dosing (CIC) may improve adherence, this did not lead to better asthma control and was therefore not considered a significant point.
Recommendation
We proposed that ICS with extra-fine particles were not to be recommended as first choice ICS in school-age children with wheezing/asthma (weak recommendation). Specific evidence for clinical superiority of ICS with extra-fine particles in preschool children is lacking. Hence we do not recommend these as first choice for this age group (weak recommendation). 
Rationale
There is no consensus on how to diagnose asthma in preschool children. 27 Most preschool children with recurrent wheeze grow out of their symptoms and do not develop chronic persistent asthma. 28 Although ICSs are universally recommended as the treatment of choice for older children with asthma because ICSs have been shown to be more effective than an LTRA in this age group, some guidelines propose LTRAs as the preferred treatment in preschool children with viral-induced wheezing. 27 Evidence Two RCTs compared budesonide to montelukast in preschool children with recurrent wheezing. 29, 30 The number of symptom-free days and exacerbations SPECIAL ARTICLE defined as hospital admissions were not significantly different between the 2 groups, but in 1 study, the percentage of children requiring oral corticosteroids or additional asthma medication was significantly lower in the budesonide group than in the montelukast group (Table 5) . 30 There were no significant differences in quality of life, growth, and side effects.
The quality of evidence for our critical outcomes was rated down by 3 levels (Table 5 ). We concluded that LTRAs are not more effective (or safer) than ICS in preschool children with recurrent wheeze (very low-quality evidence).
Other Key Factors
Although the ERS Task Force recommended distinguishing episodic viral from multiple trigger wheeze in preschool children, it recognized that the evidence base for this recommendation was limited. 27 Since the publication of the Task Force Report, it has been shown that the clinical phenotype in preschool children may vary over time. 31 In addition, a systematic review of ICS studies in preschool wheezing showed that ICS were effective in these patients irrespective of their clinical phenotype. 32 The distinction between episodic viral and multiple trigger wheeze does not take severity and frequency of episodes into account, although this is the main driver for starting maintenance therapy. 33 Finally, it has been shown that 90% of wheezing episodes in preschool children are associated with viral infection. 34 According to the working group, this invalidates the concept of viral versus multiple trigger wheeze to an important extent, and it was felt that making the difference on clinical grounds is probably not feasible.
A relatively high value was placed on the fact that ICSs have proven benefits and are more effective than LTRAs in older (.6 years) children with asthma. 35 Several as have shown effectiveness of ICSs compared with placebo in preschool children when wheezing is severe, with a family history of asthma and/or atopy. [36] [37] [38] A relatively low value was placed by the guideline panel on the potential short-term growth delay in children using an ICS, because this is unlikely to influence final height. 39 However, this will depend on dose and duration of ICS use.
Recommendation
In preschool children with mild intermittent (viral) wheeze, we suggest not starting any medication. In preschool children with recurrent (severe) wheeze and/ora family history of asthma and/or atopy, we propose starting daily low-dose ICS (up to 250 mg of fluticasone equivalent per day) as the preferred first-line therapy. Daily LTRA therapy is second-line therapy that can be used when inhalation technique is poor or long-term higher dose ICS is necessary (weak recommendation). 
Rationale
Asthma management now focuses on clinical control rather than severity. In children whose asthma remains uncontrolled despite adequate ICS use, step-up treatment is advised. However, the most effective step-up strategy is still unclear.
Evidence
We found 1 Cochrane review and 2 more recently published RCTs. [40] [41] [42] [43] The Cochrane review included 5 studies in children aged 2 to 18 years with persistent asthma and daily ICS use for at least 28 days. Because asthma symptoms despite ICS were not a prerequisite for inclusion, 3 of the studies in the Cochrane review could not answer our question. [43] [44] [45] Four RCTs (2 from Cochrane review and 2 more recently published trials) were included. 40, 42, 46, 47 Children with ongoing symptoms during ICS use were randomized to either a double dose of ICS or adding an LABA. Only 1 study included a third arm: adding an LTRA to ICS. 40 The primary outcome after 16 weeks of treatment was a composite endpoint comprising exacerbations, asthma-control days, and the surrogate end point FEV 1 (change of 5%). Asthma control days were not separately reported. Pooling of results was impossible because of clinical heterogeneity. There were no significant differences between the double-dose ICS group and the adding an LABA group for asthma symptoms (except for 1 study) and exacerbations (Table 6 ). Two studies looked at a difference in treatment effect between subgroups based on FEV 1 or FeNO; no difference was found. 40, 42 The quality of evidence for our critical outcomes was rated down by 3 levels (Table 6 ). We concluded that both adding an LABA and doubling ICS are effective in children with symptoms despite ICS, irrespective of airway reversibility of airway inflammation (very low-quality evidence). Only 1 study compared LTRA with ICS and LABA with ICS and provided insufficient evidence (compared with ICS and LABA) to position LTRA prominently in step 3 asthma management.
Other Key Factors
A relatively high value was placed on safety. The US Food and Drug Administration recently issued a black box warning and label changes for LABAs because of an excess of severe asthma exacerbations in adults treated with them. 48 A systematic review and a recently published meta-analysis expressed the same concern in children. 41, 49 In children, long-term safety studies on LABA are lacking, and existing trials were underpowered to exclude relevant differences in (severe) exacerbations.
SPECIAL ARTICLE
A low value was placed on short-term and surrogate growth outcome parameters, as described earlier. 39 High-dose ICS (.400 mg per day fluticasone equivalent) is associated with adrenal insufficiency, and therefore 400 mg fluticasone equivalent is the maximum allowed dose. [50] [51] [52] In addition, convenience and cost (resources) played a role in our final recommendation: we considered it easier to double the dose of ICS than to write a new prescription (with LABA/ ICS), and ICSs are generally cheaper than LABA/ICS combinations.
Recommendation
In children with asthma and symptoms despite a low to moderate dose of ICS (up to 250 mg of fluticasone equivalent per day), we propose first doubling the ICS dose (weak recommendation). If improvement of symptoms is insufficient after 6 to 12 weeks or a maximum ICS dose (. 400 mg per day fluticasone equivalent) is achieved, we recommend adding a LABA (for children .4-6 years) and tapering down the ICS to a regular dose. The use of LABA should be stopped, if possible, once asthma control is achieved (for eg, after 6 months; weak recommendation). For children ,4 to 6 years or children with side effects on LABAs, we recommend adding an LTRA instead of LABA (weak recommendation).
DISCUSSION
We have described the value of applying GRADE methodology to resolve 3 controversial issues in the Dutch childhood asthma management guideline. This has changed the recommendations previously maderegardingthepreferencefor theuse of extra-fine particle aerosols in children aged ,5, the use of LTRAs in viral-induced wheezing, and step 3 management in asthma. 9 GRADE recognizes other important factors besides risk of bias that can reduce the quality of evidence. These other factors are inconsistency, indirectness of CI, 95% confidence interval.
a RCTs start as "high" and can be downgraded a maximum of 3 levels to "very low." Downgrading: no, serious (-1 level), very serious (-2 levels).
b Pooling of data was only possible for exacerbations; results for asthma symptom score are presented per study. SPECIAL ARTICLE evidence, imprecision, and publication bias. 9, 53 As a consequence, the overall quality of evidence for important outcomes will generally be lower with GRADE than with other grading systems. Indeed, the quality of evidence for our 3 controversial pediatric asthma management issues was "very low," although they were all based on RCTs.
According to GRADE, guideline developers should start by specifying and ranking the most important outcomes. 9, 11, 54 This helps guideline panels to focus attention on studies assessing the most important outcomes instead on those measuring surrogate end points.
Instead of ranking the quality of each individual study, GRADE uses a rating of quality for each important outcome across studies. Symptom-free days and exacerbations were considered the most important ("critical") outcomes. Although lung function is commonly used as a primary outcome parameter in studies on pediatric asthma management, we considered this to be of limited importance because there is no evidence that measuring lung function improves asthma outcomes and it is of limited value to patients and parents. Our selected outcomes are in keeping with a recommended set of outcomes by an American Thoracic Society/European Respiratory Society task force relating to pediatric asthma control for clinical trials and clinical practice, except for lung function end points. 55 A systematic review of RCTs in children with asthma concluded that short-term disease activity (eg, lung function) is the most frequently measured outcome and that those endpoints that may be more relevant to patients (quality of life, side effects, and long-term consequences of asthma) are rarely taken into account. 56 Choosing relevant outcomes helped us to weigh the evidence in a more clinically relevant manner.
Going from evidence to recommendations, GRADE recognizes that, in addition to quality of evidence, other key factors determine the strength of a recommendation. Desirable and undesirable consequences (benefits vs harm and burden) of the treatment options should be balanced by guideline panels, and patient and clinician values and preferences should be taken into account. For these preferences and values, evidence is often lacking, and not all statements and choices made can be answered by evidence. However, they do play an important role in clinical decision-making and should therefore not be disregarded. Quality of evidence and strength of recommendations are thus separated in the GRADE approach; low-quality evidence can lead to a strong recommendation and vice versa. 57 For the majority of pediatric illnesses, highquality evidence for important outcomes is scarce. Treatment decisions in daily practice are therefore mainly based on other considerations, which are often not explicitly mentioned. We specifically describe the other key factors underlying our final recommendations. For example, we specifically considered the balance between benefits and harms, and this led to the recommendation to first double the dose of ICS in step 3 because safety was considered crucial. As a result, this recommendation differs from the recommendations in most other guidelines. [1] [2] [3] We do recognize that for guideline panels in other countries, the preferences and values can be different, leading to different recommendations.
A weakness of our guideline developmentprocesswas the factthatwe didnot include patient representatives in our guideline panel. Preferences and values that patients assign to the outcomes of interest can be different from those of clinicians. 58 We did place a high value on long-term safety because we know this is of particular importance to patients.
Although clinical practice guidelines can facilitate translation of research into effective clinical care, they are commonly not followed in clinical practice. One of the main concerns hampering the implementation of guidelines in clinical practice is that there is no explicit link between the recommendations and the supporting evidence. The GRADE approach, by transparently defining each essential step in recommendation development, facilitates understanding of how recommendations are being derived. That this may indeed enhance implementation was recently illustrated by a randomized trial comparing 4 methods of presenting recommendations to clinicians based on the same evidence. The GRADE system was most effective in provoking change in the pediatrician' s decision on a hypothetical clinical case. 59 Therefore, future updates of guidelines on asthma management should preferably be developed according to GRADE methodology.
GRADE does not eliminate the need for judgments in interpreting the evidence, and there are no fixed criteria for downgrading the quality of evidence by 1 or 2 levels. However, GRADE does offer an explicit account of the judgments involved. It is likely that this facilitates the adaptation of guidelines for local use.
Despite a range of published studies, the lack of high-quality evidence supporting decisions about asthma treatment in children remains considerable. The GRADE approach can help to identify remaining research gaps and specify the design of studies to fill these gaps. By applying these additional factors influencing the quality of evidence, we identified a number of weaknesses in the studies on the controversial asthma management issues (Table 7) .
We think that future randomized trials in pediatric asthma management should consider GRADE criteria from the design of the trial onwards, to ensure that the study results will generate high-quality evidence to guide clinical decision-making. Ideally, such trials should not be designed by pharmaceutical industry but by independent agencies. Studies should be powered to be able to detect differences in critical outcomes. Relevant patient characteristics, extending beyond the diagnosis of "asthma" and a lung function criterion should be defined in detail. Designing and running such high-quality clinical trials requires international collaboration. The large multinational clinical trial recently launched to resolve the uncertainty regarding the safety of LABAs, initiated by the Food and Drug Administration, is an example of such a high-quality study fulfilling all GRADE criteria and is therefore likely to provide the high-quality evidence needed to resolve this controversial issue. 60 
